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Abstract 
The production of eggs for human consumption is increasing. In 2003 it was around 1,022 trillion units, reaching 
2011 with 1,220 trillion, providing a jump of 19.41%. This fact can be attributed to vertical creations systems, and can 
accommodate hundreds of thousands of laying hens in just a single installation. With increased production, 
simultaneously there is an increase of concerns for animal welfare and environmental issues. We compare the emission of 
ammonia from the vertical aviary, where the manure is often removed with conventional systems where the manure 
remain stored for a long period. It was observed that the vertical systems show lower ammonia concentrations (mean 3 
ppm) compared to conventional (average of 12 ppm). By removing the manure often they are observed lower potential 
generation and emission of ammonia. Unlike when they are stored. Vertical systems have better health for animals and 
workers.  
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1. Introduction 
The production of hen's eggs in the global context, for human consumption, is increasing. In 2003 it was around 1.022 
trillion units, arriving, in 2011, around to 1.220 trillion, resulting in a growth of 19.41% in the period. In 2015 the 
production was estimated at 71.5 million tons. Noting average annual industry growth of 1.5% per year (last 14 years). 
This improved production is attributed to the creation of vertical systems, where it is possible to lodge hundreds of 
thousands of laying hens in only single facility. With increased production, occurs concomitantly raised concerns with 
animal welfare and environmental issues. For this work, we compare emissions of ammonia (NH3) into the atmosphere 
from the laying hens' manure with vertical system, where it is often removed, with conventional systems where the 
manure remain stored for a long period before being forwarded to its proper treatment and/or disposal. 
 
 
2. Materials and Methods  
The concentration of NH3 in avian issued every three hours from six o'clock over a period of 24 hours. The values were measured 
on the emission of ammonia for five minutes at each collection point simultaneously to obtain the average value per point. 
In vertical aviary (capacity of 120.000 laying hens housing), the collection points were distributed forming a line perpendicular to shed 
length, and was placed a sensor at each passage hall for employees, totaling five points of data collection (five hall pass) (Figure 1). It 
was also measured the concentration of ammonia near the electrical panel to drive the collector mats of manure, where an employee 
stays during the cleaning operation of the installation, still, the point where there is greater movement of waste. 
 
 
Figure 1: Vertical cages 
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The lanes are numbered from 1 to 5 and assigning letters "a" to "e" to the lines of temperature and humidity sensors, as is shown in 
Figure 1. The sensors for collecting ammonia were distributed along the line "c", which is situated at half the length of the shed 
forming the points c1, c2, c3, c4 and c5 which ammonia emitted was measured.I 
n vertical farming systems, measurements were performed on days corresponding to the first day after the removal of waste of 
laying hens shed, and on the day the mats would be triggered for new cleaning. 
 
 
 
Figure 2: Vertical System Figure 3: Manure belt 
 
The manure was removed mechanically by means of mats positioned below each floor cages carting them towards the point "a" to 
point "and" where they are directed to another conveyor, which transports all waste out of installation for subsequent adequate 
treatment. As the ends of the aviary are closed and the movement of waste when they pass a treadmill to another, provides a release of 
gas, it was decided to measure the NH3 concentration also in the waste transition area located at the end of the shed in point 3e, which 
is located near the electrical panel responsible for triggering the mats. 
Already in the corresponding avian conventional production system (accommodation capacity of 7.000 birds), the measurement 
was performed in the three corridors for access to the cages at a height equal to 1.10m (midpoint height between the two levels cages). 
For this purpose, we used ammonia sensors inside the facility by measuring the concentration of NH3 gas at the level 
of the animals. At the vertical system opted for the average height of battery cages (1.7 m), whereas in conventional 
system chosen height was the first row of cages (0.7 m). 
 
 
 
Figure 4: Convention System 
 
Figure 5: Manure stored 
 
 
 
3. Results and Discussion 
In the vertical system, it was realized that the next day cleaning the shed, hall pass 1, 2, 4, and 5 showed no ammonia 
concentrations perceptible to the sensor while running three showed a relatively low concentration throughout the day (2 ppm), with 
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higher values at the end of the measurement period (3 ppm), possibly due to the time elapsed after cleaning and waste accumulation. 
The presence of NH3 in hall 3 and the lack of detection of this gas in the other hall on the day after cleaning can be explained, perhaps, 
by the fact that the runners one, two, four and five are close to the side of the shed is therefore more benefit from natural ventilation. 
In the shed cleaning day, it was not detected ammonia concentrations in the corridors 1 and 5, as in the hall 2 and 4 average 
concentration was 3 ppm and in the hallway 3 this was 6 ppm. This difference was attributed to the natural circulation of air which is 
more restricted, as we approach the center of the installation 
 
 
Figure 6: ammonia concentration at the vertical system 
 
At the time of cleaning was still observed, one corresponding NH3 concentration to 32 ppm (greater than recommended for 
workers, established by Brazilian law – 20ppm) close to the wiper drive panel. Remember that this point is where there is greater 
movement of stools, which are passed mats in the cages for the treadmill that will remove them from the shed. After cleaning the 
waste, the concentration of ammonia within the facility tends naturally to reduce significantly. 
When observing the result of the analysis of the average NH3 concentration in the three halls of conventional aviary, you can 
realize that this was 12ppm. This value relatively higher than the concentrations found in vertical farming system. This was attributed 
to the storage of waste in the cages throughout the production cycle. 
It was observed that the vertical facility have lower concentrations of NH3 inside (average of 3 ppm), when compared 
to conventional (average of 14 ppm). 
 
 
4. Conclusions 
It can be concluded that the concentration of ammonia in the aviary that has the vertical system of rearing laying hens, is lower 
compared to the aviary that have conventional system. Even one having an accommodation capacity 17 times higher than this. This 
fact can be attributed to the frequent withdrawal of installation inside the waste.  
It was concluded that, where the manure is often removed (Vertical system), have a lower potential for generation and 
emission of ammonia, when compared with the facilities where the manure remain stored for long periods (Conventional 
system). Thus they have better condition of health for the animals and workers. Besides the manure from this system 
have two times more nitrogen than the stored, which improves the potential for use as a natural fertilizer. 
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